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Alterations in vasopressin regulation in Alzheimer's
disease
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SUMMARY A decreased concentration of vasopressin (AVP) in the plasma of patients with
Alzheimer's disease has been shown recently and suggests damage to hypothalamic neurosecretory
cells. To verify this, osmolar and hypotension (sodium nitroprusside) stimulations on AVP release
were applied. The effect of metoclopramide, a powerful stimulator of AVP, was also assessed.
Patients with Alzheimer's disease released AVP normally after hypotension. However, AVP
response to osmotic stimulation was altered in eight out of 10 patients, owing to low osmoreceptor
sensitivity and/or high threshold. Metoclopramide increased AVP in controls but not in patients.
Normal AVP response to hypotension in patients with Alzheimer's disease makes it unlikely that
there is a significant anatomical loss or damage of hypothalamic neurosecretory cells. Alterations in
osmoreceptor function and AVP unresponsiveness to metoclopramide point to damage in the con-
trol of AVP release in Alzheimer's disease.

A possible injury in the non-hormonal AVP system in
Alzheimer's disease has been suggested by the recent
finding of a reduced AVP concentration in CSF and
in brain tissue.1-4 A decrease in plasma hormonal
AVP has been also reported, suggesting damage as
well to the hypothalamic magnocellular neurons
and/or the neurotransmitters controlling the secretion
of hormonal AVP.4
The main mechanisms controlling hypothalamic

AVP secretion"6 are changes in blood osmolality and
decrease in blood pressure and/or blood volume. An
increase in blood osmolality is sensed by the
osmoreceptor sited in the anterior hypothalamus.
Impulses are carried from osmoreceptors to vaso-
pressinergic neurons along cholinergic pathways. A
decrease in blood pressure stimulates the high-
pressure carotid baroreceptor which, in turn, releases
AVP through noradrenergic and cholinergic path-
ways; impulses are carried by the glossopharyngeal
nerves to the brain stem, nucleus tractus solitarius,
locus coeruleus and paraventricular and supraoptic
nuclei.6 Changes in blood volume act on the cardio-
pulmonary baroreceptors which stimulate AVP
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release through the cervical vagal pathways and the
cholinergic synapses to the hypothalamus. Here, the
cholinergic input from the low-pressure volume bar-
oreceptors subserves a tonic excitatory action.7 8
AVP has also been found in other areas of the

brain, where it is thought to play a non hormonal role
acting as a neurotransmitter.1 4 AVP released in the
cerebrospinal fluid (CSF-AVP) seems to originate
from extra hypothalamic areas. The non-hormonal
nature of CSF-AVP is confirmed by the findings of
normal CSF-AVP levels in patients with severe neu-
rogenic diabetes insipidus and by the fact that
CSF-AVP does not increase after the osmolar or
the baroreceptor mediated stimulation. Finally,
CSF-AVP displays a circadian rhythm which is
absent in plasma AVP.4 5011
The purpose of the present study was to evaluate

the function of the hypothalamic cells secreting AVP
in Alzheimer's disease. Thus, we evaluated AVP
response both to changes in plasma osmolality and
blood pressure and to metoclopramide."2 13

Patients and methods

Our study concerned 10 patients (six male, four female).
They were identified and diagnosed as Alzheimer's disease,
according to a standard protocol for the diagnosis of
Alzheimer's disease validated for Italian population.14
Patients' mean age was 70 3, 5 42 (mean, SD; range: 62-77).
Disease duration was 2-7, 1 77 years (range 1-6). All patients
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had non-focal computed brain scans and a Hachinski
score'5 less than 4. Most patients were in an advanced stage
of the disease but none was bedridden. Mean Blessed
Dementia Scale16 was 14 7, 5 49 (range: 4-23) for the first
part of the scale and 7 1, 8 39 (range: 0-22) for the second
part of the scale.
Twelve sex- and age-matched volunteers (eight male, four

female; mean age 65 years, range 55-80) acted as controls.
Each subject adhered to a controlled 1800-2000 Cal diet
containing 130 mmol sodium and 60-80 mmol potassium for
a week before and during the study. The diet included at
least 2000 ml water. Neither patients nor subjects had renal
disease or diabetes mellitus or any other associated illness.
They had no evidence of dehydration or malnutrition and
were drug-free for at least 15 days preceding the study.
Blood pressure was normal in both Alzheimer patients and
controls.

Before starting the study, serum and urinary creatinine,
Na, K, Cl, plasma osmolality, urinary osmolality, urinary
volume, plasma renin and aldosterone (both in recumbent
position)'7 were evaluated in both patients and subjects.
Plasma osmolality was measured (by evaluating freezing
point depression) with an osmometer (Fiske Co., Bur-
lington, Ma.). By using precautions as previously
described'8 an intrassay variability of 0 5-07% on 10 deter-
minations was obtained. Arginine vasopressin was measured
by radioimmunoassay as previously described.'2 '3 Plasma
renin activity and plasma aldosterone were measured as pre-
viously reported.12 13 18 Informed consent was obtained
from normal subjects and from patients when possible: close
relatives of the patients gave informed consent otherwise.

Sodium nitroprusside infusion test
The subjects remained recumbent in bed and fasting from
2200 h. From 0830 h blood pressure was taken every 5

minutes using a sphygmomanometer. Heart rate was

recorded by counting radial pulse. At 0900 h an infusion of
sodium nitroprusside was started through intravenous cath-
eter. The infusion rate was determined by a Howard pump
and increased every ten minutes from an initial dose of 0 05
jig/kg/minute to a maximum dose of 1-2 jg/kg/minute. Dur-
ing sodium nitroprusside infusion blood pressure and heart
rate were recorded every two minutes. The infusion was dis-
continued when a decrease in mean arterial pressure (MAP),
greater than 30 mm Hg, was observed or when heart rate
increased by more than 25 beats/minute. The number of

sodium nitroprusside infusion steps ranged between five and
eight for each subject. Two samples of venous blood for
AVP determination were drawn from a catheter placed in
the controlateral forearm during the last 15 minutes of the
perfusion period and one sample of venous blood was drawn
during the eighth minute of each infusion period (that is, 2
minutes before the next increase).

Hypertonic saline infusion test
The subjects remained recumbent in bed and fasting from
2200 h. Two polyethylene indwelling venous catheters were

placed in each antecubital vein and then three baseline
venous samples were drawn before the saline infusion had
started. At 0900 h the subjects were given a hypertonic saline
infusion (005 ml/kg/min 5% NaCI). Blood pressure was

monitored every five minutes during the 30 minutes pre-

ceding the test and throughout the infusion period. Blood
vasopressin and osmolality determinations were taken every

20 minutes during the infusion, which lasted 180 minutes.

Metoclopramide test
The subjects remained recumbent in bed and fasting from
2200 h. At 0900 h an indwelling needle was inserted and kept
patent with a slow infusion of 0 9% NaCl. Metoclopramide
(20 mg in 2 ml saline) was injected in 2 minutes and venous

samples for plasma vasopressin and osmolality were taken at
frequent intervals. Blood pressure and heart rate were deter-
mined at frequent intervals before and during the test.

Statistical methods
Metoclopramide data were evaluated by ANOVA. Saline
infusion data were submitted to simple regression analysis.

Results

Values of creatinine, Na, K, Cl, plasma and urine
osmolality, urinary output, plasma renin and
aldosterone found in controls and in patients are

reported in table 1. There were no significant
differences between the two groups.

Peripheral haemodynamics and A VP responses to
sodium nitroprusside
Sodium nitroprusside caused dose-dependent reduc-

Table I Baseline values ofmean blood pressure (mean BP), serum creatinine, Na, K, Cl, plasnma osnmolalitv (pOsm), w1rine
osmolality (uOsm), urinary output, plasma renin activity (PRA) andplasma aldosterone in 10 patients wt'ith A/1hehiner s disease
and 12 sex- and age-matched elderly subjects (mean, SD)

Aged controls Normal range Alhl,einmer p

Mean BP (mm Hg) 87, 10 81, 2 005
Creatinine (mg/dl) 0 8, 005 0 7-1-2 08, 007 NS
Na (mmol/l) 138, 3 136-145 139, 4 NS
K (mmol/1) 4.7, 0.1 3 5-5 47, 0.1 NS
Cl (mmol/1) 98, 0.2 97-105 99, 03 NS
pOsm (mmol/kg) 289, 0.1 282-295 292, 0.2 NS
uOsm (mmol/kg) 787, 54 810, 59 NS
Ur Output (ml/min) 2-5, 0 3 2 4, 0.2 NS
PRA* (ng/ml/h) 1-7, 0 05 1i5--3-5 1 9, 0 9 NS
Aldosterone* (pg/mi) 105, 15 75-200 107. 20 NS

*Recumbent.
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Fig 1 Relation between plasma vasopressin concentration
and mean arterial pressure in five patients with Alzheimer's
disease submitted to hypotensive stimulus (sodium
nitroprusside). Shaded area indicates normal interval values.
LD indicates the lower detection limit of the vasopressin
assay.

tion in mean arterial pressure both in patients and
controls. As shown in fig 1, where for clarity the
results of five out of 10 patients are reported, AVP
release was within the range of normality in all
patients studied. The heart rate increase was also
similar in both groups (data not reported).

A VP response to hypertonic saline infusion
In control subjects the rise in AVP after saline chal-
lenge was significantly related to plasma osmolality
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Fig 2 Plasma vasopressin response to osmotic stimulation
in a patient with Alzheimer's disease showing normal
threshold and sensitivity of vasopressin release control
(dashed lines indicate normal intervalfor vasopressin values
versus plasma osmolality).

(pOsm) increase. The regression line between AVP on

the ordinate and pOsm on the abscisse was as follows:
AVP (pg/ml) = 0-23 pOsm - 64-63; r = 0-92 (p <
0-01). The mean "sensitivity" (slope) was 0-23, 0-02
and the mean responsiveness ("threshold") was 281, 3
mmol/kg.

Table 2 Relationship between A VP and plasma osmolality (pOsm) during hypertonic saline infusion in 10 patients with
Alzheimer's disease and in 12 age- and sex-matched controls. The osmotic thresholds are also reported

Pt Sex A VP pg/ml Threshold mmol/kg r p

I m 0-23- 66 16 292 0.95 0 01
2 f 0 20 - 58 81 287 0.95 0 01
3 f 0-05 - 14 03 279 0-85 0 01
4 f 016- 48-73 304 094 001
5 f 016- 4850 302 092 001
6 f 0 40 - 125 50 312 0.91 0 01
7 f 0-09 - 25-30 282 0-89 0 01
8 f 0-09 - 27 02 292 0-94 0 01
9 m 0-16- 46-29 284 0 83 0 01
10 f 020- 6090 288 089 001
Normal controls

(n = 12) 023 - 6463 281 + 3 092 + 004 001
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Fig 3 Plasma vasopressin response to osmotic stimulation
in a patient with Alzheimer's disease showing normal
threshold but reduced sensitivity of vasopressin release
control.

In Alzheimer patients the response was quite vari-
able (table 2 and figs 2, 3, 4, 5). Sensitivity was low in
six patients (Nos 3, 4, 5, 7, 8, 9); threshold was
increased in five patients (Nos 1, 4, 5, 6, 8). Three
patients (Nos 4, 5, 8) displayed both features.

Haemodynamic and A VP responses to metoclopramide
After metoclopramide injection, control subjects
showed a rise in plasma vasopressin that was
significant at 10 minutes (p < 0 01) and peaked at 30
minutes (p < 0-01). Plasma vasopressin then
decreased and returned to base levels at 60 minutes.
AVP response to metoclopramide was completely
absent in patients with Alzheimer's disease (p < 0-01
vs controls at times + 10, + 20, + 30 min). Plasma
osmolality, blood pressure and heart rate did not
change in any of the subjects studied (fig 6).

Discussion

Our results showed that Alzheimer patients had an
impaired response to osmotic stimuli and were un-

able to release AVP after metoclopramide. In con-

trast, they showed normal vasopressin response
to nitroprusside-induced hypotension. Also,
Alzheimer's disease patients showed a decreased
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Fig 4 Plasma vasopressin response to osmotic stimulation
in a patient with Alzheimer's disease showing normal
sensitivity but right-shift in osmotic threshold of vasopressin
release control.

osmolar sensitivity and/or enhanced osmolar
threshold of AVP. Diminished sensitivity to osmolar
stimuli may be observed in diabetes insipidus due to
a loss of magnocellular neurons.'9 However, normal
response to hypotension makes it unlikely, in our

view, that there was a significant anatomical damage
to magnocellular neurons in our patients. This possi-
bility, however, cannot be ruled out by the present
study as an increased secretion of surviving cells could
produce a normal response. Alternatively, an alter-
ation in the synthesis, storage or action of neuro-

transmitter at any synapse between the osmoreceptor
and the neurohypophysis might account for the
reduced sensitivity we observed. Such an alteration
might also explain the enhanced AVP threshold
observed in the majority of our patients. In fact, an
increase in the threshold usually implies a resetting of
the osmoreceptor mechanism controlling vasopressin
secretion, which suggests a disturbance to the
osmoreceptor itself rather than damage to the secre-

tory cells. While clinical conditions associated with an
abnormal lowering of the osmoreceptor threshold
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Fig 5 Plasma vasopressin response to osmotic stimulation
in a patient with Alzheimer's disease showing both right-
shifted threshold and reduced sensitivity of vasopressin
release control.

occur with some frequency (hypotension, volume
depletion),20 an enhanced osmotic threshold is
observed only in primary aldosteronism.2" However,
values of renin and aldosterone were normal
according to age in our patients. Resetting of the
osmoreceptor mechanism might also be caused by
changes in the afferent traffic of neurons regulating
AVP release in paraventricular and supraoptic
nuclei.7 These nuclei receive cholinergic neurons from
both osmoreceptors and low-pressure volume baro-
receptors, the latter having a tonic excitatory action.
It is well recognised that cholinergic neurons are

greatly damaged in Alzheimer brains.22 23 The clinical
relevance of such abnormalities is unknown at present
but since AVP threshold coincides with thirst-
threshold during osmolar stimulation,24 Alzheimer
patients with higher osmotic threshold might be more
prone to dehydration.
As far as the response to metoclopramide is con-

cerned, we recently demonstrated that its effect on

AVP release was not due to its dopaminergic proper-
ties since other antidopaminergic agents were unable
to release AVP."2 13 In contrast, cholinomimetic
properties of metoclopramide25 - 28 may be important
in AVP release. Experimentally, pre-treatment with
atropine abolishes AVP release after metoclopramide
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Fig 6 Effect of metoclopramide (20 mg IV) on plasma
vasopressin, plasma osmolality, mean blood pressure (mbp)
and heart rate (hr) in 10 patients with Alzheimer's disease
and 12 healthy age- and sex-matched elderly subjects (mean
values, SD).

in rats (M Iovino and G Norbiato; unpublished data)
suggesting that the releasing action of meto-
clopramide is mediated through muscarinic receptors.
Thus, absence of release of vasopressin after meto-
clopramide in Alzheimer patients might be an expres-
sion of cholinergic impairment as well.

In conclusion, Alzheimer patients had an abnormal
AVP response to osmotic stimulation and to meto-
clopramide. Metoclopramide infusion may offer a
safe test to evaluate alterations in AVP control and
possibly to monitor cholinergic dysfunction in
Alzheimer's disease patients. In that respect, further
studies of its sensitivity and specificity are needed,
including patients with less severe Alzheimer's disease
and with histopathologically proven disease, as well as
patients with other pre-senile and senile dementias.
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